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TWO-DIMENSIONAL TRANSDUCER ARRAYS WITH BEAM CONTROLLING FOR IMPROVED FIELD 
VIEW *^ 



The present invention relates generally to transducers. More specifically, it relates 
to ultrasonic imaging systems using two-dimensional ultrasonic transducer arrays having 
an improved field of view. 

Ultrasonic transducers are used in many medical applications and, in particular, for 
the non-invasive acquisition of images of organs and conditions within a patient, typical 
examples being the ultrasonic imaging of fetuses and the heart The ultrasonic transducers 
used in such applications are generally hand held, and must meet stringent dimensional 
constraints in order to acquire the desired images. It is firequently necessary that the 
transducer be able to obtain high resolution images of particular portions of a patient* s 
body when using endoscopic ultrasonic imaging equipment 

Typically, conventional ultrasonic imaging equipment use two-dimensional arrays 
for acquiring the ultrasonic images of particular tissues or organs within the patient's body. 
Generally, these arrays include a plurality of acoustic elements aixanged in a planar 
configuration. Beam steering is used in such systems to control the propagation of the 
direction of ihe ultrasonic beam. Employing this method allows ultrasonic systems to 
acquire images of the particular region of the patient's body. 

However, conventional ultrasonic systems have a limited field of view due to the 
limitations at the beam steering end due to the planar arrangement of the acoustic elements. 
Therefore, a need exists for an improved ultrasonic array for use with conventional 
ultrasonic imaging systems. 

It is an object of the present invention is to provide an ultrasonic imaging system 
having improved volumetric imaging. 

Another object of the present mvention to provide an ultrasonic imaging system 
having an increased field of view. 

Yet another object of the present invention is to provide an ultrasonic imaging 
system with improved ergonomic characteristics. 

A fiirther object of the present invention is to provide an ultrasonic imaging system 
that has particular characteristics of its acoustic pulse controlled by electronics in the 
ultrasonic imaging system. 



1 
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An ultrasonic imaging apparatus having improved field of view for improved 
volumetric imaging is hereinafter disclosed. In particular, the apparatus includes an 
ultrasonic probe and a plurality of acoustic elements configured and arranged to fomi a 
two-dimensional array. The two-dimensional array is further configured and adapted to fit 
5 within the housing and each of the acoustic elements is capable of generating an acoxistic 
pulse and/or receiving an echo signal. Further included in the apparatus is a beam 
controller coupled to the two-dimensional array and capable of driving at least one of the 
acoustic elements, thereby producing an acoustic pulse for impinging an acoustic target, 
and preferably activating a pluraUty of acoustic elements to form an acoustic beam. The 

10 acoustic target reflects at least a portion of the acoustic beam as at least one echo signal 
The beam controller further includes associated circuitry capable of controlling directional 
movement of the acoustic beam. A signal processor is coupled to the two-dimensional 
array for processing at least one echo signal to form at least one image signal. A display 
operatively coupled to the signal processor is further included for displaying data 

1 5 corresponding to the at least one image signal. 

Additionally, a method for improving the field of view, thereby improving the 
volumetric imaging in an ultrasonic imaging apparatus is hereinafter disclosed. The 
method includes providing an ultrasonic probe having a plurality of acoustic elements 
configured and arranged to form a two-dimensional array that is configured and ad^ted to 

20 fit within the ultrasonic probe. Each of the acoustic elements is capable of generating an 
acoustic pulse and/or receiving an echo signal. A beam controller coupled to said two- 
dimensional array is provided where the beam controller is capable of driving at least one 
of the acoustic elements to produce the acoustic pulse for impinging an acoustic target to 
generate at least one echo signal. Preferably, the beam controller activates a plurality of 

25 acoustic elements to form an acoustic beam. Further still, the beam controller has 

associated circuitry capable of controlling directional movement of the acoustic beam, and 
a signal processor coupled to the two-dimensional array for processing at least one echo 
signal, thereby forming at least one image signal. The ultrasonic imaging system processes 
at least one echo signal to form at least one image signal and is capable of displaying data 

30 corresponding to the at least one image signal on a display. 

Further disclosed is an ultrasonic imaging kit that includes at least two ultrasonic 
probes configured and dimensioned for alternative placement within the ultrasonic imaging 
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system. Each ultrasonic probe includes a transducer assembly with an interface for 
communicating with circuitry of the ultrasonic probe. Each transducer assembly further 
includes a plurality of acoustic elements configured and arranged to form a two- 
dimensional array and the two-dimensional array is configured and adapted to fit within the 
5 ultrasonic probe. It is preferred that at least two ultrasonic probes are provided where at 
least one of the ultrasonic probes has a different transducer assembly fi:om at least one 
other ultrasonic probe. Each of the acoustic elements is capable of generating an acoustic 
pulse and/or receiving an echo signal. The beam controller is coupled to the two- 
dimensional array and is capable of driving at least one of the acoustic elements to produce 

10 the acoustic pulse for impinging an acoustic target and generating at least one echo signal, 
and preferably driving a plurality of acoustic elements to form an acoustic beam. Hie 
beam controller has associated circuitry capable of controlling directional movement of the 
acoustic beam and a signal processor coupled to the two-dimensional array for processing 
at least one echo signal, thereby forming at least one image signal. The display is capable 

15 of displaying data representing the at least one image signal. 

An ultrasonic imaging system having improved field of view for improved 
volumetric imaging is hereinafter disclosed and includes an ultrasonic probe, a plurality of 
acoustic elements configured and arranged to form a two-dimensional array that is 
configured and adapted to fit within the ultrasonic probe. Each of the acoustic elements is 

20 capable of generating an acoustic pulse and/or receiving an echo signal. Coupled to the 
two-dimensional array is a beam controller that is capable of driving at least one of the 
acoustic elements to produce the acoustic pulse for in^inging an acoustic target, thereby 
generating at least one echo signal. The beam controller has associated circuitry capable of 
controlling directional movement of the acoustic pulse is operadvely coupled to the 

25 transmitter and communicates with a signal processor coupled to said two-dimensional 
array for processing at least one echo signal, thereby forming at least one image signal 
where the display is capable of displaying data corresponding to the at least one image 
signal A means for connecting the housing to an ultrasonic imaging apparatus is further 
included. 

30 The foregoing objects and advantages of the present invention may be more readily 

understood by one skilled in the art with reference being had to the following detailed 
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description of preferred embodiments thereof, taken in conjunction with the accompanying 
drawings in which: 

FIG. 1 is an ultrasonic imaging system with a prior art two-dimensional airay 
having acoustic beam steering; 

FIG, 2 is an ultrasonic imaging system with a two-dimensional array including 
acoustic beam tractor treading according to an embodiment of the present disclosure; 

FIG. 2a is an ultrasonic imaging system with a two-dimensional array having 
acoustic beam steering and beam tractor treading according to an embodiment of the 
present disclosure; 

FIG. 3 is an ultrasonic imaging system with a two-dimensional array having a 
combination of acoustic beam steering and acoxistic beam tractor treading according to 
another embodiment of the present disclosure; 

FIG. 4 is an ultrasonic imaging system with a cylindrical two-dmxensional array 
having acoustic beam steering and acoustic tractor treading according to a further 
embodiment of the present disclosure; and 

FIG. 5 is an ultrasonic imaging system with a convex two-dimensional array having 
acoustic tractor treading according to a further embodiment of the present disclosure. 

Several embodiments of the present invention are hereby disclosed in the 
accompanying description in conjunction with the figures. Preferred embodiments of the 
present invention will now be described in detail with reference to the figures wherein like 
reference numerals identify similar or identical elements. As used herein, the term "distal" 
refers to that portion of the tool, or component thereof which is further fi*om the user while 
the term '*proxunal" refers to that portion of the tool or component thereof which is closer 
to the user. 

An example of an ultrasonic imaging system using a conventional ultrasonic 
transducer array is illustrated in FIG. 1. An ultrasonic probe 20 includes a conventional 
two-dimensional ultrasonic transducer array 10 (see FIG. 1) with a plurality of acoustic 
elements 12 arranged in a number of columns and rows. These acoustic elements 12 are 
configured and arranged in a generally planar configuration. Each acoustic element 12 is 
formed fi-om a suitable piezoelectric material and is capable of generating an acoustic pulse 
8 at a particular frequency when a driver signal is applied to the acoustic element 12. The 
generated acoustic pulse 8 impinges on an acoustic target where at least some of the energy 
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in the acoustic pulse 8 is reflected back towards the acoustic element 12 as an echo signal 
6. In addition, each acoustic element 12 is capable of receiving the echo signal 6 from the 
acoustic target and generating a corresponding output signal. Conventional ultrasonic 
imaging systems have a beam controller 40 for generating the driver signal 25 and for 
5 electronically steering the acoustic pulse 8 ("beam steering"). 

Two-dimensional transducer arrays 10 are generally employed with accompanying 
circuitry to produce three-dimensional ultrasonic images of the acoustic target since the 
acoustic beam 30 is generated by acoustic elements 12 in both the rows and the columns of 
the two-dimensional transducer array 10. By controlling the phase differential, or the time 

1 0 delay, among the acoustic elements 12 that are driven by the beam controUer 40 (i.e. phase- 
shifting), a number of acoustic pulses 8 are combined into an acoustic beam 30, that can be 
electronicaUy steered by the beam controller 40 in both directions A and B (represented by 
double-ended arrows A and B in FIG. 1) to acquhre acoustic targets withm the field of view 
of the ultrasonic transducer array 10 (i.e. "beam steering"). However, conventional two- 

15 dimensional ultrasonic transducer arrays 10 have limited fields of view along with a 
relatively smaU acquired vohime 14 that is close the surfece of the ultrasonic transducer 
array 10, shown as the acquired volume 14 in FIG. 1. In addition, ultrasonic imaging 
systems further include a signal processor 50 and a display 60, 

Ultrasonic imaging systems according to an embodiment of the present invention 

20 are shown in FIGS. 2 and 2a, and fiirther described with specificity hereinafter. Referring 
first to FIG. 2, the ultrasonic imaging system includes an ultrasonic probe 220 with a two- 
dimensional transducer array 210, a beam controUer 240, a signal processor 250, and a 
display 260. A plurality of acoustic elements 212 is disposed in a number of rows and 
cohunns to form the two-dimensional transducer array 210. In the presently disclosed two- 

25 dimensional transducer array 210, the acoustic pulses 208 are generated by acoustic 

elements 212 m the two-dunensional transducer array 210 to form an acoustic beam 230. 
The beam controller 240 is coupled by a connecting means 225 to the acoustic elements 
212 of the two-dunensional transducer array 210 and generates a driver signal 227 that is 
communicated to one or more of the acoustic elements 212. Each of the acoustic elements 

30 212 is formed from a suitable piezoelectric material and is capable of generating an 

acoustic pulse 208 and receiving an echo signal 206. It is contemplated that a number of 
the acoustic elements 212 may be "passive" elements (i.e. not configured for generating 
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acoustic pulses or receiving echo signals) while the remaining acoustic elements 212 are 
"active" elements (i.e. configured for generating an acoustic pvilse 208 and receiving an 
echo 206). 

The connecting means 225 is generally a cable including a phirality of conducting 
elements, such as wires. Altematively, the connecting means 225 can be significantly 
improved if some of the electronics are located in the ultrasonic probe housing and the 
connecting means is a wireless connection, such as infirared or radio firequency. 

The beam controller 240 is operatively coupled to the two-dimensional transducer 
array 210 for varymg characteristics and properties of the generated acoustic pulses 208. 
The beam controller 240 is capable of generating a plurality of driver signals 227 that 
correspond to the number of acoustic elements 212 to be activated. The beam controller 
240 further controls the timing of the respective driver signals 227 applied to the acoustic 
elements 212 (i.e. phase shifting), and the resulting acoustic beam 230 is initially generated 
at a first end 213 of the two-dimensional transducer array 210 and advances along a 
longitudinal axis-X of the two-dimensional transducer array 210 towards a second end 215. 

More specifically, when the acoustic beam 230 is initially formed, a number of the 
active acoustic elements 212 disposed in the first column that is adjacent the first end 213 
are actuated by corresponding driver signals 227 fcom the beam controller 240 
simultaneously. After the acoustic elements 212 of the column are activated by the 
corresponding driver signals 227, the process repeats itself in the next adjacent column of 
acoustic elements 212. Activation of the acoustic elements 212 in this maimer is referred 
to as beam tractor treading and is used to generate an acquired three-dimensional volume 
214 as shown in FIG. 2. It is fiirther contemplated that more than one column of acoustic 
elements 212 may be activated by the beam controller 240 simultaneously thereby forming 
an active aperture including the acoustic beam 230. Advantageously, the beam controller 
240 advances the active aperture by a predetermined number of columns to acquire the 
desired volume. 

Altematively, the beam controller 240 can actuate a number of active acoustic 
elements 212 in a number of columns where the number of acoustic elements 212 activated 
is less than the number of active acoustic elements 212 in each of the columns thereby 
forming a smaller active aperture and acoustic beam 230. Preferably, the beam controller 
240 causes the generation of acoustic beam 230 within the active aperture and the beam 
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controller 240 is adapted to move the active aperture and the acoustic beam 230 along the 
row of acoustic elements 212. After the active aperture reaches the end of the row of 
acoustic elements212 at back end portion 217 of the transducer array 210, the beam 
controller 240 shifts the acoustic beam 230 and the active aperture by the number of 
5 previously activated columns and causes the active aperture to advance towards a front end 
portion 216 of the transducer array 210. By advantageously controlling the motion and 
direction of the acoustic beam 230 and resultant active aperture, a three-dimensional 
volume is obtainable. 

The acoustic pulses 208 are directed towards an acoustic target and portions of the 
10 acoustic pulses 208 are reflected towards the two-dimensional transducer array 210 as echo 
signals 206. After each acoustic element 212 activates to generate the acoustic pulse 208, 
the acoustic element 212 is capable of receiving the echo signal 206. This echo signal 206 
contains information relating to the acoustic target and generates an output signal 245 from 
the acoustic element This output signal 245 is conmnmicated through the transmitter 230 
15 and the pulse controller 240 to the signal processor 250. In the signal processor 250, the 
output signal 245 of the acoustic element 212 is transformed by associated circuitry in the 
signal processor 250 to generate an image signal 255. A display 260 is operatively coupled 
to the output of the signal processor 250 for receiving one or more image signals 255 and 
for transforming the image signals 255 into a video image. Essentially, the display 260 is 
. 20 capable of displaying data corresponding to the at least one image signal 255. It is 

preferred that the display 260 be a video monitor that is readily viewable by attending 
persoimel. 

Turning now to FIG. 2a, the same or similar conqjonents of the previously 
disclosed embodiment are included in the ultrasonic imaging system. However, in this 

25 embodiment, the acoustic pulse 208a combines the ultrasonic imaging system of FIG. 2 

with beam tractor treading as discussed hereinabove with beam steering. Beam steering, as 
previously discussed, occurs when the combination of the transmitter generated driver 
signals 225 are coupled and controlled by the beam controller 240a, using phase shifting, to 
generate the acoustic pulses 208a from the activate acoustic elements 212 thereby forming 

30 an acoustic beam 230a. By advantageously combining beam tractor treading and beam 

steering, a three-dimensional volume 214a (see FIG, 2a) having a greater field of view, and 
therefore a greater volumetric image, is obtainable. 
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In this embodiment of the present invention, beam tractor treading generates an 
acoustic beam 230a starting with the acoustic elements 212 disposed in the column 
adjacent to a first side 213 of the two-dimensional transducer array 210. As before, the 
transmitter 230 in cooperation with the beam controller 240a causes the active acoustic 
elements 212 to be activated simultaneously in each column to generate the acoustic beam 
230a. After all the acoustic elements 212 in the column are activated, the next adjacent 
cohimn of acoustic elements 212 is activated. As before, the columns of acoustic elements 
212 are activated in sequence and controllable by the beam controller 240a, In addition, 
the beam controller 240a phase-shifts the generation of the acoustic pulses 208a of the 
activated acoustic elements 212 for ''beam steering,*' By advantageously advancing (Le. 
beam tractor treading) the phase-shifting of the acoustic beam 230a (i.e, beam steering), the 
two-dimensional transducer array 210 of the present invention is capable of c^turing and 
displaying the three-dimensional acquired volume image 214a as seen in FIG. 2a, It is 
fiirther contemplated that more than one column of acoustic elements 212 may be activated 
to form the acoustic beam 230a. 

Another exemplary embodiment of the present invention is illustrated in FIG, 3. In 
this embodunent, an ultrasonic imaging system includes an ultrasonic probe 220 with a 
two-dimensional ultrasonic array 210, a beam controller 240b, a signal processor 250, and 
. a display 260. Similar to the embodiments of FIGS, 2 and 2a, the two-dunensional 
transducer array 210 is a generally planar arrangement of acoustic elements 212 where the 
plurality of acoustic elements 212 is configured and arranged in a number of rows and 
colunms. It is contemplated that within the transducer array 210, the number of acoustic 
elements may include a quantity of passive acoustic elements 212 disposed among the 
active acoustic elements 212 (i.e. a sparse array). 

Similar to the previous embodiment, the acoustic pulse 208b is directed towards an 
acoustic target and a portion of tiiie acoustic pulse 208b is reflected towards the two- 
dimensional transducer array 210 as an echo signal 206b. After each acoustic element 212 
activates to generate the acoustic pulse 208b, the acoustic element 212 is capable of 
receiving the echo signal 206b. This echo signal 206b contains information relating to the 
acoustic target and generates an output signal 245 from the acoustic element 212. This 
output signal 245 is communicated through the transmitter 230 and the beam controller 
240b to the signal processor 250. In the signal processor 250, the output signal 245 of the 
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acoustic element 212 is transfonned by associated circuitry in the signal processor 250 to 
generate an image signal 255. A display 260 is operatively coupled to the output of the 
signal processor 250 for receiving one or more image signals 255 and for transfomiing the 
image signals 255 into a video image. Essentially, the display 260 is capable of displaying 
5 data correspondmg to the at least one image signal 255. It is prefeired that the display 260 
be a video monitor that is readily viewable by attending personnel. 

Coupled to the two-dimensional transducer array 210 is the beam controller 240 
using a connecting means 225. Generally, the connecting means 225 is a cable having a 
plurality of conducting elements, such as wires. Alternatively, the connecting means 225 

10 can be a wireless connection, such as infrared or radio frequency. In operation, the beam 
controller generates a plurality of driver signals 227 that correspond to the number of 
acoustic elements 212 to be activated. As previously discussed, each acoustic element 212 
is capable of generating an acoustic pulse 208b or receiving an echo signal 206b. The 
beam controller 240 controls the generation of the respective driver signals 227. In this 

15 embodiment, a first column of acoustic elements 212 is disposed adjacent to a jBrst end 213 
of the two-dimensional transducer array 210. 

Advantageously, the beam controller 240b generates a number of driver signals 227 
that activate the active acoustic elements 212 in each column in a sequential manner. 
Activating acoustic elements 212 in each column sequentially, before activating the next. 

20 adjacent column permits beam tractor treading along a longitudinal axis-X of the two- 
dimensional transducer array 210 and a lateral axis-Y of the two-dimensional transducer 
array 210. Further stUl, the beam controller 240b, causes the generated acoustic pulses 
206b to be phase-shifted thereby generating an acoustic beam 230b by "beam steering." 
By advantageously combining beam steering of the acoustic beam 230b with tractor 

25 treading in both the longitudinal and lateral directions (i.e. rasterizing), the ultrasonic 

imaging system is capable of capturing and displaying an acquired volume image 214b as 
illustrated in FIG. 3. It is envisioned that the transducer array 210 includes acoustic 
elements 212 that may include a quantity of passive acoustic elements 212 disposed among 
the active acoustic elements 212 (i.e. a sparse array). 

30 In an alternative embodiment, an ultrasonic imaging system is shown in FIG. 4 and 

includes an ultrasonic probe 320 having a two-dimensional transducer array 310. The 
transducer array 310 includes a plurality of acoustic elements 312 generally arranged in a 
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cylindrical configuration. As in previous embodiments, each acoustic element 312 is 
formed from a suitable piezoelectric material having the capability to generate an acoustic 
pulse 308 in response to an input driver signal 327 and to receive echo signals 306 from an 
acoustic target to generate an output signal 345. The ulfrasonic imaging system fiirther 
mcludes a beam controller 340, a signal processor 350. and a display 360. The beam 
controller 340 is coupled to the two-dimensional transducer array 310 by a connecting 
means 325 and is capable of generating a number of driver signals 327 that correspond to 
the number of active acoustic elements 312. The connecting means 325 is generally a 
cable including a plurality of connecting elements, such as wires. Alternatively, the 
connecting means 325 can be a wireless connection, such as infrared or radio frequency. 
Further still, the beam controller is capable of communicating the generated output signals 
345 from the acoustic elements 312 to the signal processor 350. 

Cooperatively coupled to the ultrasonic probe 320 is a beam controller 340 for 
phase shifting the driver signals 327 that generate the acoustic pulses 308 and 
communicating the output signals 345 to the signal processor 350. Advantageously, the 
beam controller 340 generates a number of acoustic pulses 308 to form an acoustic beam 
330 by simultaneously activating the active acoustic elements 312 in each column. 
Operationally, a fust column of acoustic elements 312 is adjacent to a first end 313 of the 
cylindrical two-dimensional transducer array 310 where the acoustic elements 312 
disposed in the column are activated simultaneously. In a preferred embodiment, as the 
acoustic elements 312 are activated, the resulting acoustic beam 330 is phase-shifted by the 
beam controller 340 (i.e. beam steering). After the fu^ column has been activated, the 
beam controller 340 activates the next adjacent column of acoustic elements 312 to 
advance the acoustic beam 330 along the longitudinal axis-X of the cylindrical two- 
dimensional transducer array 310. By combining longitudinal tractor treading and beam 
steering, the ultrasonic imaging system is capable of capturing and displaying an acquired 
volume image 3 14 ss seen in HG. 4. It is contemplated that multiple columns of acoustic 
elements 312 may be activated by the beam conlroUer 340 to produce a larger acoustic 
beam 330 and therefore, a larger active aperture for capturing a larger vohime image. 

As m the previous embodunents. the acoustic pulses 308 are directed towards an 
acoustic target and portions of the acoustic pulses 308 is reflected towards the two- 
dimensional transducer array 310 as echo signals 306. After each acoustic element 312 
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activates to generate the acoustic pxilse 308, the acoustic element 3 12 is capable of 
receiving the echo signal 306. This echo signal 306 contains information relating to the 
acoustic target and generates an output signal 345 from the acoustic element 312. This 
output signal 345 is communicated through the transmitter 330 and the beam controller 340 
5 to the signal processor 350. In the signal processor 350, the output signal 345 of the 

acoustic element 312 is transformed by associated circuitry in the signal processor 350 to 
generate an image signal 355. A display 360 is operatively coupled to the output of the 
signal processor 350 for receiving one or more image signals 355 and for transforming the 
image signals 355 mto a video image. Essentially, the display 360 is capable of displaying 
1 0 data corresponding to the at least one image signal 355, It is preferred that the display 360 
be a video monitor that is readily viewable by attending personnel. It is contemplated that 
within the transducer array 3 1 0. the number of acoustic elements may include a quantity of 
passive acoustic elements 312 disposed among the active acoustic elements 312 (i.e. a 
sparse array), 

15 In a further embodiment, an ultrasonic imaging system is illustrated in FIG. 5 and 

includes an ultrasonic probe 520 with a two-dimensional transducer array 510 having a 
generally convex configuration. A plurality of acoustic elements 512 is disposed in a 
number of rows and columns. Preferably, the two-dimensional transducer array 510 will 
have substantially equal longitudinal and lateral dimensions. Additionally, the ultrasonic 

20 imaging system includes a beam controller 540, a signal processor 550, and a display 560. 
The beam controller 540 is operatively coupled to the convex two-dimensional transducer 
array 510 and conununicates a number of driver signals 527 that correspond to the number 
of acoustic elements 512 to be activated. A connecting means 525 operatively couples the 
beam controller 540 to the convex two-dimensional transducer array. Typically, the 

25 connecting means 525 is a cable having a plurality of conducting elements, such as wires. 
Alternatively, the connecting means 525 can be a wireless connection, such as infrared or 
radio frequency. 

Similar to the previous embodiments, the acoustic pulse 508 is directed towards an 
acoustic target and a portion of the acoustic pulse 508 is reflected towards the two- 
30 dimensional transducer array 5 10 as an echo signal 506. After each acoustic element 5 12 
activates to generate the acoustic pulse 508, the acoustic element 512 is capable of 
receiving the echo signal 506. This echo signal 506 contains information relating to the 
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acoustic target and geaeiates an output signal 545 from the acoustic element 512. This 
output signal 545 is communicated through the transmitter 530 and the beam controller 540 
to the signal processor 550. In the signal processor 550, the output signal 545 of the 
acoustic element 512 is transformed by associated circuitiy in the signal processor 550 to 
5 generate an image signal 555. A display 560 is operatively coupled to the output of the 
signal processor 550 for receiving one or more image signals 555 and for transfonning the 
image signals 555 into a video image. Essentially, the display 560 is capable of displaying 
data corresponding to the at least one image signal 555. It is prefeired that the display 560 
be a video monitor that is readily viewable by attending personnel. 
10 It is preferred that the beam controller 540 is cooperatively coupled to the beam 

ultrasonic probe 520 for activating the acoustic pulses 508. In operation, the output of the 
beam controller 540 activates a plurality of active acoustic elements 512. Initially, ihe 
acoustic elements 512 in a &st column, that is adjacent to a first end 5 1 3 of the convex 
two-dimensional transducer array 5 10, are activated by the driver signals 527 from the 
15 beam controller 540. The first acoustic element 512 that is activated is the one disposed in 
the comer between the first end 513 and a first side 516 of the convex two-dimensional 
transducer array 510. The remaining acoustic elements 5 12 located in the first column are 
activated sequentially to generate the acoustic beam 530 and advance the acoustic beam 
530 along a lateral axis-Y. After the last acoustic element 5 12 in the first column is 
20- activated, the acoustic element 512 disposed in Ihe next adjacent column at a second side 
517 of the convex two-dimensional transducer array 510 is activated. The acoustic 
elements 512 in this cohman are activated sequentially to advance the acoustic beam 530 
towards the first side 516. The process is repeated for the remaining columns in the 
convex two-dimensional transducer array 510 and advancing the acoustic beam 530 one or 
more columns at a time (i.e. tractor treading) along a longitudinal axis-X. Further still, the 
beam controller 540 advantageously phase-shifts the acoustic pulses 508 during the 
formation of the acoustic beam 530 (i.e. "beam steering"). By advantageously combing 
beam tractor treading and beam steering with a convex two-dimensional transducer array 
510, die ultrasonic imaging system is capable of capturing and displaying the volume 
image 514 iUustrated in FIG. 5. It is contemplated that within the transducer array 510, the 
number of acoustic elements may include a quantity of passive acoustic elements 512 
disposed among the active acoustic elements 512 (i.e. a sparse array). 



25 
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Hereinafter disclosed is a method for improving volumetric imaging in an 
ultrasonic imaging apparatus. According to an embodiment of the present invention, an 
ultrasonic probe is provided that includes a plurality of acoustic elements, a number of 
which are active acoustic elements, that are disposed in a number of columns and rows to 
5 form a two-dimensional transducer array. Advantageously, the two-dimensional 

transducer array is configured and adapted according to one of the previously disclosed 
embodiments. Further provided is a beam controller that is operatively coupled via a 
connecting means to the two-dimensional transducer array where the beam controller is 
capable of driving at least one of the active acoustic elements by generating driver signals 
10 that generate a corresponding number of acoustic pulses, thereby formmg an acoustic 
beam. Typically, the connecting means is a cable including a plurality of conducting 
elements, such as wires. Alternatively, the connecting means can be a wireless connection, 
such as infrared or radio firequency. 

The acoustic beam impinges on an acoustic target and generates at least one echo 
1 5 signal in response. Operatively coupled to the transducer array is the beam controller with 
associated circuitry for controlling the respective driver signals. As discussed hereinabove, 
the beam controller phase shifts the driver signals to actuate respective acoustic elements 
for controlling the generated acoustic beam. The beam controUer is capable of generating 
driver signals for beam steering and beam tractor treadmg, thereby increasing the field of 
20 view for improving the volumetric imaging capabilities of the two-dimensional transducer 
array. The echo signals that are reflected firom the acoustic target are coupled through the 
beam conlroUer to an input of a signal processor. These echo signals are transformed by 
the signal processor into image signals where the display is capable of displaying data 
corresponding to the image signals. 

In an exemplary method of use, an operator positions the ultrasonic probe including 
the two-dunensional transducer array in a region to be imaged. After the ultrasonic probe 
is positioned, the operator actuates the beam controller to generate the desired driver 
signals for actuating the acoustic elements, thereby generating the acoustic beam. 
Additionally, the beam controller causes the acoustic beam to advance in a desired 
30 direction of movement (i.e. beam tractor treading) and/or phase shifting the acoustic pulses 
(i.e. beam steering). Advantageously, the actuation of the beam controller combines the 
generation and motion of the acoustic beam. After the acoustic beam impinges on the 
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acoustic target, echo signals are reflected to-wrards the two-dimensional transducer array for 
c^ture by the acoustic elements. These echo signals are coupled throu^ the beam 
controller to the signal processor to generate the image signal. A display receives the 
image signal and displays data corresponding to the image signal as a viewable image to 
5 the operator. 

Additionally, a kit for improving the field of view and ihe volumetric imaging in an 
ultrasonic imaging system is herein disclosed. In a preferred embodiment, the ultrasonic 
imaging kit includes at least two ultrasonic probes having associated circuiliy where each 
ultrasonic probe is configured and adapted to receive an ultrasonic imaging assembly. 

1 0 Each ultrasonic probe includes an ultrasonic transducer assembly having interfeces for 
interfecing with the associated circuitry of the ultrasonic probe. In a minimnr^ 
configuration, at least one of the ultrasonic transducer assemblies includes a plurality of 
acoustic elements configured and arranged to form a two-dimensional transducer array. As 
in previous embodiments, each acoustic element is capable of producing an acoustic pulse 

15 in response to an inputted driver signal and receiving an echo signal from an acoustic 
target. 

Coupled via a connecting means to the transducer assembly is a beam controller. 
Generally, the connecting means is a cable having a plurality of cormecting elements, such 
as wires. Alternatively, the connecting means can be a wireless connection, such as 

20 infixed or radio frequency. The beam controller is capable of generating a plurality of 

driver signals corresponding to the number of acoustic elements to be actuated. Preferably, 
the beam controller is capable of adjusting the driver signals, thereby controUing the 
generation, phase shifting (ie. beam steering), and motion (Le. beam tractor treading) of 
the acoustic beam. A signal processor for receiving the echo signals and forming 

25 corresponding image signals is further included and is coupled to a display. The display is 
capable of displaying data correspondiag to the image signals generated by the signal 
processor as a viewable image. 

The described embodiments of the present invention are intended to be 
illustrative rather than restrictive, and are not intended to represent every embodiment of 
30 the present invention. Various modifications and variations can be made without departing 
from the spirit ot scope of the invention as set forth in the following claims both literally 
and in equivalents recognized in law. 



